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vff-pump coronary artery bypass (OPCAB) grafting has
been adopted worldwide and is recognized as a valu-
ble alternative to conventional coronary artery bypass graft-
ng (CABG) on cardiopulmonary bypass (CPB). Despite on-
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doi:10.1053/j.optechstcvs.2006.04.001oing controversy over the relative benefits of OPCAB versus
ABG/CPB in various patient subsets, OPCAB has been
hown to reduce morbidity and mortality in numerous ran-
omized and retrospective comparisons.1-4
Optimal patient outcomes with multivessel OPCAB re-
uire the performance of precise anastomoses and the
chievement of complete revascularization on the beating
eart. Techniques for multivessel OPCAB that have been de-
eloped and tested over a personal experience of almost 2000
ases are presented below.
Multivessel OPCAB 79Operative Technique
Figure 1 (A, B) Sternotomy, internal thoracic
artery (ITA) harvest, and pericardiotomy. Af-
ter a limited skin incision, a full median ster-
notomy is performed. The left ITA is har-
vested under direct vision with the aid of an
uplifting retractor. Bilateral skeletonized ITA
harvest with the harmonic scalpel is used in
patients under the age of 75 who are not
morbidly obese, diabetic, or severely emphy-
sematous. Radial artery (RA) and/or saphe-
nous vein (SVG) conduits are harvested by
endoscopic techniques, avoiding long inci-
sions in the limbs. LITA  left internal tho-
racic artery.
80 J.D. PuskasFigure 2 The pericardium is opened in a generous “inverted T” incision and divided from the diaphragm broadly. This
bilateral transverse diaphragmatic pericardiotomy frees the pericardium from the diaphragm to allow its mobilization
by pericardial traction sutures, achieving cardiac displacement and coronary exposure. Pericardiotomy should be
extended bilaterally as far as is safe without injury to the phrenic nerves, which must be visualized and protected from
injury. The left pleural cavity is opened routinely. The right pleura may be opened during bilateral internal thoracic
artery (BITA) harvest or when rightward cardiac displacement requires more room for a large heart. Division of the
pericardial fat from the diaphragm on both the right and the left sides is important to fully mobilize the pericardium
from the diaphragm.
Epiaortic ultrasound is performed for every patient with a handheld ultrasound probe in a sterile plastic sheath. This
reveals important atherosclerotic disease of the ascending aorta that is not manually palpable in approximately 10% of
all patients and allows the surgical technique to be adjusted to reduce the risk of atherosclerotic embolism caused by
“blind” aortic manipulation.
Multivessel OPCAB 81Figure 3 Pericardial traction sutures. Generally, several “superficial” sutures are placed at both the right and the left
edges of the pericardium to create a pericardial well, as is commonly done during conventional CABG/CPB. Additional
“deep” pericardial traction sutures, unique to OPCAB, are also placed, to facilitate cardiac displacement. Experienced
surgeons may differ on the optimal number and use of deep pericardial traction sutures. In all cases, these sutures must
be placed in such a way that neither cardiac nor noncardiac structures are injured. Specifically, injury to phrenic
nerve(s), the left lower pulmonary lobe, the descending aorta, and the esophagus must be avoided.
82 J.D. PuskasFigure 4 The two most common patterns of deep pericardial sutures are the “single-stitch” and the “four-stitch”
techniques. In the single-stitch technique, a single deep pericardial traction suture is placed in the posterior pericar-
dium two-thirds of the way from the inferior vena cava (IVC) to the left inferior pulmonary vein, as far posterior as
possible, adjacent to the reflection of the pericardium over the posterior left atrium. A red rubber catheter is used over
this deep stitch to prevent epicardial chaffing. The single deep stitch is retracted vigorously and fixed to the drapes on
the patient’s left side to assist in exposure of the anterior and lateral walls. It is retracted caudad and fixed to the drapes
to elevate the base of the heart and to expose the inferior wall of the left ventricle.
In the “four-stitch” technique, deep pericardial traction sutures are placed immediately above the left superior
pulmonary vein, above the left inferior pulmonary vein, posteriorly halfway between the IVC and the left inferior
pulmonary vein, and above the IVC. The left-sided stitches are pulled to provide exposure of the lateral and anterior
walls. The deep stitch and the IVC stitch are pulled to expose the inferior wall.
To avoid compression of the heart during exposure of the lateral wall, never apply traction to both the left and the
right pericardial traction sutures simultaneously during cardiac displacement. This is perhaps the single most impor-
tant technical consideration to keep in mind during OPCAB and constitutes the most common basic error during many
surgeons’ OPCAB learning curve.
Multivessel OPCAB 83Figure 5 Routinely elevate the right sternal border by wedging two rolled towels under the right limb of the sternal
retractor. This will create space for the heart to rotate from left to right without compression of the right atrium or right
ventricle against the right pericardial edge or right sternal border. Open the right pleural space selectively to provide
more space for rightward cardiac displacement. This may be useful in patients with cardiomegaly or low ejection
fraction and those requiring multiple lateral wall grafts. It is also generally performed when harvesting bilateral ITA
grafts.
84 J.D. PuskasFigure 6 Cardiac displacement with suction-based cardiac positioning devices. The term “apical suction device” is
a misnomer. Whereas some surgeons prefer to leave them on the apex, these devices may be applied to any surface of
the heart and offer great advantages when moved off the apex to expose the various surfaces of the heart. To expose the
anterior wall (LAD, diagonals) and inferior wall (posterior descending and some posterolateral obtusemarginals), apply
the suction-based cardiac positioning device on the apex.
Multivessel OPCAB 85Figure 7 When elevating the apex of the heart to expose the inferior wall, avoid angling the heart too far cephalad,
because this may kink or compress the right ventricular outflow tract, severely compromising hemodynamic stability.
86 J.D. PuskasFigure 8 For exposure of the lateral wall (ramus intermedius, obtuse marginals, left circumflex), apply the positioning
device to the anterolateral or lateral wall of the left ventricle. Placing the device near the coronary artery target optimizes
exposure and provides some stabilization of that cardiac region. However, be sure not to place it too near to avoid
conflict with the coronary stabilizing device.
Apply the positioning device on the right ventricle itself to expose the acutemargin, right ventricular vessels, the right
coronary artery and obliquely oriented posterior descending arteries. Avoid application of the suction-based cardiac
positioning devices across creases or cracks in the epicardial fat, because this will break the suction and impair tissue
capture in the device.
Generally, multiple techniques are used simultaneously in combination to achieve cardiac displacement while
maintaining hemodynamic stability. Gravity is the least traumatic means of cardiac displacement, and sharp rotation or
tilt of the operating table is an important and routine means of achieving cardiac displacement. Pericardial traction
sutures and suction-based cardiac positioning devices are routinely used in combination to optimize cardiac displace-
ment and hemodynamic stability.
Multivessel OPCAB 87Figure 9 Coronary artery stabilization with suction-based devices. The suction-based coronary stabilizer devices
may be used to both present and stabilize coronary artery targets but work best when used only to stabilize. The
malleable pods of these devices are bent to accommodate the local epicardial topography and are placed on either side
of the coronary target. Suction is then applied to achieve tissue capture. When tissue capture is achieved, watch the
device move up and down during the cardiac cycle. Visually identify the mechanical median of this motion and
manually hold the device at this location while tightening the arm of the stabilizer to achieve coronary stabilization.
Avoid the temptation to compress the heart unnecessarily with these coronary stabilizers. Paradoxically, this will lead
to both more motion of the coronary target and worse hemodynamic stability. If hemodynamic stability is compro-
mised, try easing off the rigidity of the arm while maintaining suction. Again watch the device move during the cardiac
cycle and make the arm rigid in a position that provides adequate exposure with less cardiac compression.Figure 10 Using the misted blower. The misted blower is essential for optimal visualization during off-pump coronary
grafting. Use a pH-balanced fluid and minimize the force of the CO2 gas to effectively disperse blood from the
anastomotic site while avoiding endothelial injury or vessel wall dissection, complications that may occur with
excessive use of the blower. Have your assistant direct the blower jet into/onto the coronary artery only while sutures
are being placed.
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88 J.D. Puskasuture Technique
eparin protocols for OPCAB differ between surgeons and
nstitutions. The author administers an intravenous bolus of
eparin (1.5 mg/kg) before dividing the internal thoracic
rtery(s) (ITA(s)) from the chest wall and supplements that
ose with 3000 units every 30 minutes during the case. This
rotocol reliably maintains activated clotting times (ACT;
easured every 30 minutes) between 350 and 500 seconds
n these normothermic patients. Protamine is given (0.75 to
.0 mg/kg) to incompletely reverse the heparin, leaving each
atient with an ACT less than 150 seconds at the conclusion
f the case.
Each surgeon should use the same suture technique dur-
ng OPCAB that he/she uses during conventional CABG on
PB. The avoidance of CPB should not come at the price of
ny compromise in anastomotic precision. The author uses
-0 monofilament suture for every anastomosis and pays me-
iculous attention to every suture placed. The intima of both
he graft and the recipient vessels must be visualized each
ime the needle is placed through the anastomosis. Numer-
us (generally more than 20) small “bites” are taken for each
nastomosis. Extreme attention to detail is exercised and the
eometry of every anastomosis and every conduit is fastidi-
usly optimized.
Experienced OPCAB surgeons may differ in their use of
ntracoronary shunts. Some use soft, silastic shunts routinely
or every anastomosis, believing that minimizing regional
yocardial ischemia during anastomoses is an important
oal. Some “routine shunters” also feel that the shunt may
hysically prevent inadvertent suture placement in the back
all of the coronary artery target. Other surgeons may prefer
o shunt only those larger coronary arteries (especially those
hich collateralize other territories) whose occlusion may be
xpected to produce significant or poorly tolerated myocar-
ial ischemia. These “selective shunters” feel that the small
mount of endothelial injury that shunts are known to cause
hould be avoided when possible. They prefer to accomplish
roximal occlusion of target vessels with soft silastic tapes
nd never touch the coronary artery distal to the anastomotic
ite. There are no good data to suggest that clinical outcomes
iffer between these two strategies.
raft Sequencing
xperienced OPCAB surgeons differ in their choice of graft
equence. Routine shunters (and many selective shunters)
enerally perform the left ITA-left anterior descending coro-
ary artery (LAD) anastomosis first, often using an intracoro-
ary shunt. This first maneuver requires little cardiac dis-
lacement and entails limited myocardial ischemia. It is,
herefore, generally well tolerated. Furthermore, it neutral-
zes left main coronary stenoses and immediately improves
yocardial perfusion and hemodynamic stability. The only
ompelling argument against this approach is that a short left
nternal mammary artery (IMA) pedicle may limit cardiac
isplacement for subsequent lateral wall grafting. This must
e kept in mind while planning surgical strategy. With skel-
tonized ITA grafts, the extra length obtained generally soft-
ns this tradeoff. Right ITA grafting to the LAD similarly does bot entail risk of tension during subsequent rightward car-
iac displacement.
The author carefully considers the unique coronary anat-
my of each patient and individualizes his graft sequencing
trategy to minimize myocardial ischemia throughout the
ase, while considering limitations of cardiac displacement
mposed by in situ grafts. ITA-LAD grafting is often per-
ormed first. If a right ITA-LAD graft is planned, any aortic
roximal anastomoses are performed first to avoid placement
f an aortic partial occlusion clamp adjacent to an in situ right
TA-LAD graft. If an “ITA-LAD first” strategy is chosen, a
hunt is used if the LAD is unusually large or provides im-
ortant collateral flow to other territories. (Note that when a
ollateralizing vessel is occluded, themyocardium subtended
y both the collateralizing and the collateralized vessels is
endered ischemic.) If the LAD has only moderate stenosis
nd the left circumflex (LCx) and/or right coronary arteries
RCA) are very tightly stenosed or occluded, then grafting
nd reperfusing the RCA and LCx before the LAD is occluded
ay be more appropriate. Certainly, in this circumstance,
cclusion of the LAD without an intracoronary shunt will be
oorly tolerated, because the entire heart will be ischemic
uring the suturing interval.
In general, performing proximal aortic anastomoses last
llows precise estimation of graft length, whereas performing
hem first allows immediate myocardial reperfusion once
ach distal anastomosis is completed. These considerations
re factored into determining the optimal strategy for an in-
ividual patient. Bilateral in situ ITA grafts also provide im-
ediate inflow to the heart and allow increased flexibility in
raft sequencing. Bilateral ITA grafting (typically to the left
eart) has been shown to improve survival and intervention-
ree survival and should be performed whenever contraindi-
ations do not exist.5,6
Graft flow may be assessed and documented by transit-
ime Doppler technology after reversal of heparin. This may
e particularly helpful early in one’s surgical experience.
emodynamic
nstability and Conversion
o Cardiopulmonary Bypass
ABG should be routinely performed on CPB in a few situa-
ions. These include and are not limited to (a) ischemic ar-
hythmias unresponsive to heparin and antiarrhythmic med-
cations; (b) cardiogenic shock due to acute infarction or
evere global ischemia; (c) physical conditions that limit
ightward displacement of the heart (deep pectus excavatum,
revious left pneumonectomy). Although avoidance of CPB
s generally a worthwhile goal, it does not supercede the goals
f hemodynamic stability and complete, precise revascular-
zation.
On rare occasion (approximately 1% in experienced
ands), conversion of a planned OPCAB case to CPB is nec-
ssary, usually due to hemodynamic instability and/or new
schemic arrhythmias. The author insists that there be a per-
usionist and CPB machine in the operating room for every
PCAB case. The pump is routinely “dry” but can be “wetted”
t the first sign of any difficulty. Usually hemodynamic insta-
ility is the result of imperfect technique in cardiac displace-
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Multivessel OPCAB 89ent, most frequently in compressing the right atrium or
ight ventricle or kinking of the right ventricular outflow tract
uring rightward displacement of the heart. Application of
ompression with the coronary stabilizer is another common
rror. Remember that suction-based coronary stabilizers do
ot require compression to achieve tissue capture. Take ad-
antage of the malleable limbs of the stabilizer to customize
hem to suit the particular epicardial anatomy encountered.
chieve and maintain tissue capture with a minimum of
ownward pressure on the heart. This will optimize both
oronary stabilization and hemodynamic stability. Correct
echnical errors in cardiac displacement immediately; do not
ait until hemodynamic instability progresses to global dys-
unction.
Less commonly, regional myocardial ischemia is a cause of
emodynamic instability. This can be quickly remedied by
lacing an intracoronary shunt and returning the heart to the
ericardial well for a period to recover hemodynamic stabil-
ty. This should be done at the first sign of ischemic EKG
hanges. Do not wait until cardiovascular collapse is immi-
ent.
If the above measures fail to restore hemodynamic stability
r to allow completion of revascularization, then conversion
o CPB should be performed, before cardiovascular collapse
ccurs. Patients converted from OPCAB to CPB semielec-
ively enjoy excellent clinical outcomes; those converted
mergently or after cardiac arrest incur a significantly in-
reased risk of morbidity and mortality.7
ostoperative Management
PCAB patients who are opened and closed “dry” can be
anaged much like patients who have had a substernal
oiter excision. Extubation within 2 hours of surgery is
outine, and many patients will not require overnight in-ensive care. Early mobilization and ambulation are im-
ortant. Drains are removed as soon as drainage declines.
ischarge home is often appropriate on the third or fourth
ostoperative day.
Postoperative medications should include all those rec-
mmended by the American College of Cardiology/Amer-
can Heart Association (ACC/AHA) Guidelines (aspirin,
eta-blockers, lipid-lowering agents, acetylcholinesterase
ACE] inhibitors). Aspirin is given before surgery and
aily thereafter for life. Some OPCAB surgeons, including
he author, have added Plavix (clopidogrel bisulfate) to the
arly postoperative regimen, although data to justify the
ost of this intervention are inconclusive.
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